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High Sustained Positive G -
Future Problems and
Solutions

KULDIP RAI

Aircraft in eurrent use in [AF are resfricted
to a maximum upper limit of 8g with capability to
sustain about 55g for long periods (30-40
seconds). Aircraft of the future and already
being introduced into service in other Air
Forces of the World have much higher | Gz
capabilities. Such aircraft are likely to be
flown at sustained high accelerations 1.8, above
6.5g for 45 seconds and more, The pilots will
have to be preselected, trained and adequately
protected to enable them to cope with this high
stress. Various protective technigues have
bheen proposed and are being tried out, Work
dona at IAM Bangalore with positive pressure
breathing as a protective technique has been
discussed [n this paper. The study shows the
benefits of using 20mm Hg PPB as a protective
technique for high sustained G,

@:HE main purpese of Aviation Madicineas a
discipline is to enhance pilot performance In aircraft,
The need for protection of pilots from the effect of
high | Gz in aircraft has bean falt all alang for the
last 40 years or so, hutthe problem is becoming
mare complex and demanding because the futyre
generaltion of aircraft will have much higher G limits
and hence a spurt of rasearch wark in this figld,

MNow we are confronted with aircraft designs
which will be capable of producing appreciably
higher G loads for extended durations., Because
protaction given by anti g swits cannot be increased
appreciably an  adeguate solution must be found.
Some of the aircraft of 16806s (F-14, F-18
and F-18) will have considerably higher load
factors and manocuvreability than the prasant gene-
ration aircraft. These aircraft will have low wing
lcading and high thrust lo waight ratios and inorder
to make full use of thess aircraft the alrcrew will
have to tolerate higher g loads than in current air-
aorafr. It is tharefore an urgent goal to find medans
to improve g tolerance of pilots.
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Several methods have basn in use and are be-
ing improved upon, but there is & |imit to such
Improvements, MNew [deas and approaches have
been mainly in the form of respiratory manoceuvies
ke M1 and L1, positive pressure breathing (PPEB)
and tilt back seats. Some recent work in this feld
has shown  the  possibility of usa of PPE
as 4 maans of protection, but the moda-
lities and exact pressures to be used are not well
understood. This sludy has hean undertaken to
further understand and dafine the utility of PPB In
"Gz protection,

Positive Pressure Breathing

Positive  pressure breathing has  heen In
use as a means of protaction against hypoxia at
altitudes ahove 12,192m, (40,000 f1). Study of effects
of PPB with and without counter pressure has been
conducted by many workers but the pioneering work

of Ernsting” has been most exhaustive.

Systamic artarial pressure iz always increased
with PPB, although the rise in blood pressure (BP)
Is related to PPB and depesnds on the degree of
cotnlerpressure applled. This rise of BP Is due to
direct transmission of fha rise of intraplaural pres-
sure lo the left ventricle and the systemic arteries
within the thorax and abdomen.

The asleady state increase in BP induced by PPB
|s slightly less than the PPB even with the use of
counter pressure lo the trunk. This slight decrease
of BP Is due to the reduction in effective blood
velume and thus reduction in cardiac output,
Counterpressure to lhe limbs reduces the fall in
gffective blood volume and so the mean arterial and
pulse pressures are raised. Application of chest
counterpressure also increases the arterial pressura
ataglven PPE by reducing the lung distension and
thus producing a oreater increase in intrapleural
pressure. At low PPB, i.e., below 30mm Hg this
is of greater significance because large frachon of
the applied breathing pressurea may be expended In
overcoming the elastic recoil of the lungs. Itis
estimated that the first 8mm of PPE is lost in over-
coming the slastic recoil of the lung *'=
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The increase in arterial pressure and fall in
pulse pressure |5 not due to rise of intrapleural
pressure and the fall ot cardiac output alone PPB
induces a marked Increase of peripheral resistance
as in the valsalva manoeuvre Peripheral resistance
in the forearm Is nearly doubled at 60mm Hg PPB
with trunk counterpressure. Thera |8 a generalised
arterial canstriction in PPB which tends to maintain
high arterial pressure even with falling cardiac out-
put.  This reflex increase in peripheral resistance
probably arises from the receptors in the low pres-
sura regions of the intrathoracic circulation, aortic
and carotid sinus reglons "'",

In most exposures to PPB where both lower
limb and trunk counter pressure is applied, the rise
in mean BP is higher than the PPB applied®, In
PPB it Is not only a rise In mean BP but a concomi-
tant rise in venous pressura. The rise In venous
prassura is helpful in incraasing the venous return,
This process is further Improved with the useof
lower limb counterpressure by an anti-g suit,

PPA as a protection against +Gz

Various methods of raising intrapleural pres-
sure, &.g., velling, shouting, grunting, tensing of
abdominal muscles, M1 & L1 manoeuyre, have bean
ragularly utilised by pilots to Increase their tolerance
to -Gz, The M1 manoeuvre which is a combination
of most of the above tachniques, has shown a
large increase in | Gz tolerance ®*7 (around 1.5g).
But this manoceuvre producez marked f[aligue,
requires constant practice to reduce its distracting
effect on pilots and If improperly practised could
lead to a fall of BP during the Inspiratory phase®
Te overcome the above problems and realising
that PPE also raises the mean BP, PPB has been
tried out™ az a means of protection against

5z stress.

Materials and Methods

Subjects : Ten flghter pilots in the age group
21-85 vears with mean age of 28 years were exposed
to -+ Gz on the human centrifuge. All the subjects
warae in medical category Al Gl (fully fit to perform
flight duties), Thay wara given a thorough physical



examination after ascertaining their physical and
mental well being on the day of the tests. The
medical examination included pulse, blood pressure,
general physical examination and systemic examina-
tiecn of the cardiovascular system, respiratory
system and abdomen,

Flying experience ; The tost subjects had flying
expetience between 115 to 2500 hrs on fighter
aircrait. _Except for two subjects, all others had
nearly 1I:I'lf.§l'ﬂ hours of flying experience in fighter
afrcrafl, All of them had used anli-g suits and
persanal protective manoeuvres during high -Gz
forces as a routine.

Centrifuge experience ; Elght out of these ten
suhjects had undergone trials on the human cantri-
fuge previously. Four test pllots had earlier taken
part in human centrifuge ftrials for assessment of
antl -g - suits, Thus the subjecis had very wide
aexperience of -—Gz forces in flight and on the
human centrifuge to get repeatable and consistent
results,

Experience of PPB : All the 10 subjects had
undergone exposures upto 30mm Hg positive pres-
sura breathing during the high parformance madical
examination, Many of them had repeatedly gone
through PPB Indoctrination and training during their
sarvice career. However, all of them ware given 4-5
exposures at 4 20 and —30mm Hg PPB at rest, till
they feltcomiortable and accustomed to this siress,
They were asked to practise speaking during PPB
exposure. The swiiching ON & OFF of the PPB
from the regulator was practizsed till each subject
fe't confident of completing the manoeuvre during
cantrifuge trial runs. After this training all subjscts
ware able to breathe at normal rate with PFE and
weare quite comfortabla.

Human Cenfrifuge: The sublects were tested
on the IAM human centrifuge having a test radius
of 5 meters. Tha subject is seated in a gimbal
mounled gondola with an aircraft seat with a back
rest inclination of 137 fram the vertical. The subject
is monitorad on close circuit TV and has two way
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voice communication with the medical contraller,
The subjects were instrumeanted for ECG recording
for CM5 lead

Qxygen sysfem : A MK 204 pressure demand
oxygen regulator was modified to deliver 10, 20 &
30mm Hg of PPB. Each subject was trained o puot
the oxygen regulator on at the start of +Gz
axposure, The sublects wore a P/'Q oxygen mask
with a matching inner helmet (G halmet), Tha
system was lested for leaks and Lhe prossures
deliverad were maasiyrad with & marcury manometar,
All subjects ware provided with a praperly fitting
partial pressure (PP) suit (Capstan type) after
cardinal body measuremants. Coun'arpressurs to
the lower limbs during + Gz exposures was provided
by anti g valve {AD-GE) sel at high position.

PLL technique ; The standard IAM tachniqua''-1"
PR for PLL determination with one central red
light and two peripheral lights set at 53° was ulilised
in this project. A madified system with multiple
lights saet at 84, 60, 56, & 52° was also utilised in
this trial; but PLL at 52" was used as the end point,

Fest profiles used: All the subjects were
exposed to increasing valuss of -Gz at the onset
rate of 0 5g/sec and steady period of 20 secs with a
decay rate of 0.1g/sec

Type A run for determination of rasting unpro-
tected PLL value with the subject wesring the PP
sult but not connected to the anti-g valva,

Type B run for determination of resting PLL

with anti g suit protection (anti g suit part of the

PP suit was used). The suil was connected to the
AD-BE anti g valve set at maximum seting

Type C runs were usad to find sut the PLL
value with PPB of differant magnitude. Type
C (i) runs were with PPB of 10 mm Hg. Typs
C(i)) runs with 20mm Hg PPB and Type C(il) runs
with 30mm Hg PFE

Medical eramination post run, was carried qul
to check for pedal oadema, patechial haemorrhages

on feet and hack and lung base atelectasis in all
cases,
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Subject comments were obtained on a preforma
post run from aill subjects

Results

The subject particulars and details of branch,
aga, flying experience, medical category and total
numhber of trial runs compleled by sach are given
in tahle |, Ages ranged from 21-35 years with mean
27.49 yeara, All of them were F(P) officers with wida
experiance on fighter aireraft ranging from 115-2500
hours with a mean 1028 hours. Except for two
young officers all of them had around 1000 hours
af flying to thair cradit. All of them had cempleted
the high performance medical examination at 1AM,
including an experience ot positive pressure
breathing, Eight of these subjects had flown high
parformance alrcraft for 500 hrs or more. They had
undargone PPB experience on ground testers a
number of times, The subjects were exposad to
batween 8-16runs on the centrifuge with an average
of 12 runs each.

Table - |

Subject Particulars

Flying experi- Total No.

Sl Age ence on fighter of Trial
No. {¥rs) a/c hours runs
1 a5 2500 11
2 31 1300 8
3 27 1100 g
4 20 1400 15
5 21 140 10
B pis 1000 15
i 26 425 13
8 21 115 16
4] o4 1400 13
10 o7 and 12
Mean 27.9 1023

Range 21-35 115-25C0

In view of the vast fiying experience the subjec-
tive reports and opinions of lhese subjects after
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the trial have been given a lot of weightage and
credence. The previous experience with repeated
high —Gz exposures and centrifuge trials was very
useful in getting proper and repeatable razults.

The PP sult was tested on the ground inflatien
test rig for leaks. The relaxed unprotected tolerance
LGz (Type A run), tolerance with PP suit inflated
(Typa B run) and tolerance with 20mm and 30mm
PPB (Type C (il) & (i) ) are given in Table Il. The
relaxed unprotected tolerance {Type A) varied betl-
ween 3.5-4.7g with mean of 4.27 with SD =0.39,

The tolerance of these subjects with PP suil
{Type B) rangad betwasn 4.5-5.7g wilh a mean value
ot 5.3 and SD-033. The mean protection afforded
by the PP suit was 1.03g (range 0 9-1.3), The in-
crease in tolerance is highly significant by 't' tast

The subjects showed a mean tolerance of 579
with 20mm PPB and PP sult (type C (i} ) with a
range of 4.6-6.4g and SD of 0.48. The mean in-
crease of g tolerance with 20mm PPB, e, [lype C
(ii)] run over type B run was 0.44g which ls signifi-
cant hy 't' lest.

Tolarance of subjects with PP suit and 30mm
PPB (Type C (iii) run) ranged between 4.9-6.6g with
mean 6.1 and S0 0.50, The mean increase in toler-
ance betwasn 20mm and 30mm PPB (Type C (1)
and Type C (i) runs) was 036g. This difference
is significant by ‘t' test.

The difference of g lolerance between 30mm
PPB (Type C iii) and PP sult (Type B, run) ls 08g
which is highly signiflecant. Overall increase fram
relaxed tolerance to protected tolerance with 30mm
BPE (Type C (iii) run} is 1,83¢ and with 20mm PPB
(Type C (i) run) is 1.47g.

Tahle Il gives the results of post run com-
plaints and comments of the subjects, Subjective
cemments comparing PPE sxperience with personal
protective methods, 20 and 30mm PPE and inter-
communication during PPB are also given in
Table 111,



Table - 1I

|-Gz Tolerance Values

Subject Type A Type B Type C (i) Type C (i)
Na, PLL PLL with PLL with PLL with
Relaxed PP suijt suit +20mm suit -F30mm
1 4.7 5.7 6.0 6.3
2 3.5 4.5 4.6 4.9
3 3.8 51 5.4 5.6
4 4.6 5.6 6.4 6.6
b 4.4 5.4 5,8 G.3
G 40 5.3 6.1 6.6
7 4.5 5.4 5.7 6.2
B 4.2 59 6.0 6.2
] 4.6 5.5 b.B 6.1
10 4.4 5.3 5.8 6.2
Mean 4.27 5.30 5.74 610
SD 0,39 033 0.49 051
Range 3.5—4.7 4.5=5.7 4.6- 6.1 4.9 8.6

Mean difference between A& B - 1.03 (P < 0.001)
Mean difference between B & C (ii) 0.44 (P < 0.001)
Mean differance between C (1) & C{ill) = 0.36 (P < 0.001)
Mean difference between B & C (iii) = 0.80 (P - 0.007)

Table - |l

Subjective Complaints and Comments

1] Tha better batwean 20mm Transmission
Mo. Complaints PPB & parsonal or poasible
affart 30mm

1 Bl Personal effort 20mm At 20mm only

2 Nil PPB 20mm At 20mm only

3 Too much pres-

sure on abdomen FPB 20mm Better at 20mm

4 M| PFPE 20mm Better at 20mm
5 Mil PFPB 20mm At 20mm only

& Nil FPPE 30mm Eelter at 20mm
7 Nil Perzonal effort 20mm Only at 20mm
& Mil PPE 20mm Cnly at 20mm
g Mii PFE 20mm Only 2t 20mm
10 Mit FPBE 20mm Beiter at 2Cmm

119

& ol

B e | 1ot — g R L

i~ T (T P R



Only one subject (No. 8) complained of sxces-
sive pressure in abdominal bladdsrs, He was un-
comfortable in the last 4 out of 10 runs that he wen!
through. All other subjects telt quite comfortable
during the test runs and had no complaints,

Eight out of the 10 subjects preferred PPB of
20mm to personal protective methods, to reduce
fatigue and discomiort. Only two sublects pre-
ferrad their voluntary protective metheds over PPB,
They alse said that probably regular training with
PPE will change their apinion.

Nine subjects showed dafinite preference for
20mm PPB over 30mm PPB because of the comfort
and convenlence of the lower pressure. They telt
that the Increase of g tolerance by about 0.5g was
welcome with this lowar pressure. Only one subject
was |n favour of 30mm PPB daspite the discomfort,
since |t gave & large increase in tolarance (0.5g) in
his case,

Subjects had tried to transmit during PPB ex-
posura, All the 10 subjects could transmit at 20mm
PPB and all of them falt that transmission is beller
al 20mm PPB. All the aircrew gave a lot of siress
on the preblem of transmission during PPE,
They feit that PPB higher than 20mm will not be
acceptable due to this handicap.

One subjsct (Mo, 3) showed petechial hasmorr-
hages on hoth feel. He had felt excesslve pressurs
in the leg and abdominal bladders. On sxamination
tha PP =ult was found to be too tight around the
legs, He had been fltted with size 1 PP suit
although he was tall enough for size 2/3. This was
dorie in view of his girth measurements being very
low. None of the suhjecis had pedal oedema or any
findings in the lung bases,

Discussion

The relaxed unprotected grey out tolerance of
thesa 10 subjects was mean 4.27g with SD 0.39,
This tolerance value compares. very well with the
reported” * PLL tolerance in fighter pilots of this
ages group. The tolerance values guotsd by
Gillingham® for Nayval aviators are also in the same
range ie 4.1-1.0.7g for grey out at 48°,
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The mean tolerance of these subjects waaring
P suit and inflated by the anti g valve was 5.3g
with S0 —0.33 (range 4.5—5.7g), The mean increase
in g lolerance with the use of the PP suit was
1.03g (range 0.9 1.3g). This increase in tolerance
is quite close to but lower than the average toler-
ance increase given by culaway type and combined
anti g suit cum ovarall suit™, The average protection
by cutaway sults was 1.35g and by combined suit
was 1.3g9. This slightly lower amount of protection
wus rather unexpected, In  another comparison
carried out at |AM the protection given by the
capstan sult and cutaway antl g suit was ftound
to be 0.3g and 1.3g (difterence 0.8g.)

In the presant study one fact may have altered
tha apparent tolerance increase since the subjects
wore the suit even though not Inflated durlng the
type A runs also, [t s known' that cutway anti g
suit when worn uninflated provides an additional
bencfit of about 0.3g over the relaxed unprotected g
tolerance.  Since tha PP suit is a tighter and better
fitting garment than the cutaway antli g suit this
increase in tolerance will be if anything larger and
It was 0O.4g In an earlier study". Thus we can
accept that the actual production by an inflated PP
suit will be around 1.4g. This Is quite good and
comparable to any good antlg sult in use In
the Warld,

Positive Pressure Breathing :

PPB has been tested as a protective method to
increase tolerance to -Gz by a few workers #121e
so far, There has been a consistent increase in
tolerance with less fatigue in these trials especially
whan compared with the M1 & L1 manosuvres
practised by pilots, There has been no agreement
on the amount of pressure to be used for such pro-
taction.  Most trials*” ** have been with 30 or 40mm
Hg PPEB because aof the commen hknowledge that
PPEB upto 30mm Hg can ba well tolerated for
reasonably long periods, even without counter-
pressure, No work has bean complated with variable
pressures. In this study 3 different pressure have
been tested, i.e., 10, 20 and 30mm PPB.



Available literature™*® shows that increass In
mean arterial pressurs is larger, nearly equal io PPB
value, when the chest is supporled by & counter
pressure garmenl. By using a counter pressure
garmenl vary little pressure is ‘wasted' In aver-
coming the elastic recoil of the lung and thus the
intrapleural pressure rise is the same as the applied
pressure to the respiratory tract,

In this study, counterpressure has not been
used but the capstan partial pressure suit of
Russian origin is so designed that a fully adjusted
suit s quite tight even when not inflated. Waaring
such a suit, a subject has some external support to
the chesl wall. This will prevent undue sxpansion
of the chest. To what sxtent this faclor has
inhanced the beneficial aflfact of PPB with a PP
suit cannot be stated with certainly, but this
indirect advantage was kept In mind while planning
the study,

i0mm Hg PPB—Type C (i) run :

In this study, the first 3 subjecis ware tested
with 10mm PPB after the PP suil protection run.
There was no change in lolerance to PLL. All these
subjects commented that they felt no additional
aduahtage with this pressure Since the subjects
wero going through additional runs with no definite
information or advanlage, this profile was iater on
piven up.

2mim Hg PPB = Type C (i) run

All the 10 subjects were exposed to increasing
levals of -Gz with 20mm Hg PPB in this saries
They have all shown an increase in tolerance and
the mean increasze is 0.44g overtype B run. This is
significant by 't' best The subjecls preferred 20mm
Hg PPE because of the sase of transmission an
ntercom, no strain or fatigue while breathing and
the advantage of higher tolerance than anti g sujt
protection alone. Subjectively practically all (nine)
subjects preferred 20mm over 0mm PPE expo=zure.
B subjects preterred the 20mm PPB aver their usual
voluntary protective methods. This is a significant
finding since most pilots are not very keen to give
up old habits like tha voluntary tensing manoeuvres
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At moderate levels of g, ie, below Bg, protec
tion with 20mm PPE will obviate tha necessily ‘of
veluntary protection, Most current airerall do not
go through higher values of g for sustained neriods
of 15 secand or mora, Thus introduction of a modi-
fled oxygen regulator which delivers PER during o
manuosuyres may becoma the method of cheico in
future,

The discomfort of breathing at 20mm Hg PFB
i= so slight that very Ilittle training it any, will lie
required by pilots converting to thiz now svatam
Muraover the essential requirement of tatking
during combat manoeuvres is batter tullflllad by
this pressura than by 30mm Hy PPB

30mm Hg PPB-Type C (i) run

All the subjects were exposad la 30mm Hg FPB
runs. The average increasae in +Gz toleranca over
the 20 mm Hg stage [ type C (iii) - Type C (i) |
was 0.36g. This increase in toleriance is statistically
significant. |t is a 75", Increase over tho protaction
given by 20mm Hg PPB. This gain in lolsrance by
an addit onal 10mm Hg of PPB reveals that as the
PPB increases a large part of the pressiure is con-
veyed to the Intrapleural space and it raises the
mean arterial pressure by the same amount,

The total advantage of 30mm Hg PPB over the
anli g suait protection alene [typa C (il)-Type B run]
iz 0.84g which is a very significant increase. This
pressure js guite adequate to protect pilots in cur-
rent generation aircraft where sustained accelera-
tions beyond 69 are practically never expsrienced,
Frovision of the option of 30mm Hg PFE during |-Gz
exposures would totally eliminate Lthe requirement
of personal straining manoesuvres

Even though the tolerance increasa is |zrger
with 30mm, 9 subjects preferred 20mm to the higher
pressure. The factors which weighed in their minds
were leszer fatigue, |ess discomfort in breathing,
ease of speaking and ftransmitiing at 20mm and
adeguaia pratection for current aircraft raguirs:
ments. Only one subject found 30mm PPB accepl-
able und preferable over personal straining tachni-
quas.
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Subjective fatiyue and preferences

All the subjects in this study ware exparienced
fighter pilots who have shown preferences for 20mm
Hg PPB oyer parsonal protecltive measures in usa
currently. They all felt that fatigue is lesser with
20mm Hg PPB than with ather maasures. Most of
these subjects have shown preference for 20mm
rithear than 3dmm PPB, Difficulties in transmission
on RT with 30mm Hg PPB was emphasisad by
practically all the subjects.

Conclusions

The positive pressure braathing used in this
trial has shown signifizant Increased tolarance with
ralaxed g exposures. 10mm Hg PPB doss not offar
any additional protection over the PP suil tolerance,
PPB of 20mm Hg gives an additional protection of
D4dg which is significant and guitle adegquate to
protect pilats in current aircraft without any nead to
resorl to personal protective measures. PPB of
30mm Hg glves an additional protection of 0.36g
over the 20mm Hg trial.  This gain in relaxed loler-
ance’is significanl. |n aircraft requiring high g
pratectlon for long periods this leval of PPE may be
required. Ten subjects, all experienced fighter
nlinte who tonk part in these frials have commantad
favourably on the PPE as a means of protection
during relaxed 4Gz exposures. Nine out of thesa 10
subjects have prafarred 20mm Hg PPE over 30mm
Hg, Problems of transmitting during 30mm Hg PPB
were highlighted by all the subjects,

Fatigue produced by PPB. 20mm and 30mm Hg
was suhjactively lesser than the personal protective
measuras’ like tensing of museclez  y=lling and
shouting, All subjecls realised and acceplsd that
the PPB oifers & good addlional method of increas-
ingtolerance to | Gz, This method could be utilizad
routinely and personal protection resorisd fo in still
higher Gz situations, PP sult was adversely
commented upon in terms of its discomfert of
donning, higher heat load and problems of upkeep
of this sult.  All subjecis would prefer to use the
conventional § bladder cutaway suit for g protection
rather than the PP sult.
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